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. - $\mathrm{P}\mathrm{a}\mathrm{r}\mathrm{u}\mathrm{s}\mathrm{i}\acute{\mathrm{n}}\mathrm{s}\mathrm{k}\mathrm{i}$ [32] Denef-Loeser




$(1,1)$ (y $\mu:Marrow N$ $M$ $N$
$\mu$ $\mu^{*}:$ $\mathcal{U}(M)arrow \mathcal{U}(N)$ $\mathcal{U}(M)_{\text{ }}$
$\mathcal{U}(N)$ $M_{\text{ }}N$
$\mu^{*}$
$\mathcal{U}(M)$ ( ) $\mu$
(real modffication)
(2) 2 $f,g$ : $(\mathbb{R}^{d}, 0)arrow(\mathbb{R}, 0)$ (blow-an\tilde ically
equivalent) $(\mathbb{R}^{d}, 0)arrow$ ($\mathbb{R}^{d}$ ,o) $\mu$ : (M, $\mu^{-1}(0)$) $arrow$
$(\mathbb{R}^{d},0)_{\text{ }}\mu$’ : (M’, $\mu^{\prime-1}(0)$ ) $arrow(\mathbb{R}‘, 0)$ $\Phi:$ (M, $\mu^{-1}(\mathrm{O})$ ) $arrow(M^{\prime\prime-1}, \mu(0))$
:
$\Phi$ :
$(M, \mu^{-1}(0))$ $(M’, \mu^{\prime-1}(0))$
$\mu$ : $\downarrow$
$\phi$ :
$\mu’$ : $\text{ }\downarrow$
$(\mathbb{R}^{d}, 0)$ $-(\mathbb{R}^{d}, 0)$
$\mu$ ( $\mu’$) $f^{-1}(0)$ ( $g^{-1}(0)$ )
$f$ : $(\mathbb{R}^{d}, 0)arrow(\mathbb{R},0)$ $f$ $S$ (f) $f$
$f^{-1}(0)$
$\mu$




$f$ : (Rd, $0$) $arrow$
$(\mathbb{R}, 0)$ $\lambda:($R, $0)arrow(\mathbb{R}^{d}, 0)$ $f$
( ) $\delta>0$ $t\in[0, \delta)$
$f\circ\delta(t)\geq 0$ ( $f\mathrm{o}\delta(t)\leq 0$ )
$(1,2)$ ( [22]) $f$ : $(\mathbb{R}^{d}, 0)arrow(\mathbb{R}, 0)$
$A(f)=$ { $\mathrm{o}\mathrm{r}\mathrm{d}(f\circ\lambda)|\lambda$ : }
$A_{+}(f)=$ { $\mathrm{o}\mathrm{r}\mathrm{d}($f $\mathrm{o}\lambda)|\lambda$ : $f$ }
$A_{-}(f)=$ { $\mathrm{o}\mathrm{r}\mathrm{d}(f\circ\lambda)|\lambda$ : $f$ }
$A(f)_{\text{ }}A_{+}(f)_{\text{ }}A$-(f)
$A$ (f) (Fuku n riant) $A_{\pm}(f)$
(Fukui in iants with sign)
( $\mathrm{u}\mathrm{i}$ invariants)
$A$ (f) 2
$(1,3)$ (1) $f$:(x, $y$) $=x^{3}-y^{2}|$
.
$(i=2,3, \cdot. .)$
$A(f:)=\{3,6, \cdot\cdot \mathrm{t} , 3(2i-1)\}\cup\{2i,4i\}\cup\{6i, 6i+1,6i+2, \cdots\}\cup\{\infty\}$
$i\neq j$ $f_{:}$ $f_{j}$ $A(f_{1}.)\neq A$ (fj)
(2) $f$ (x, $y$) $=x^{3}-y_{\text{ }^{}8}g$(x, $y$) $=x^{3}+y^{8}$
$A(f)=A$(g) $f$ $g$
. $8\not\in A_{+}(f)_{\text{ }}8\in A_{+}(g)$
$f$ $g$
$(1,3)$ (2)













$f$ : (Kd, $0$ ) $arrow(\mathbb{K}, 0)$ ($\mathbb{K}=\mathbb{R}$ $\mathbb{C}$) $\sigma$ : $Marrow \mathrm{K}^{d}$ $f^{-1}(0)$
(simplffication) $\sigma$ $M$
$f\circ\sigma$ $E_{\dot{l}}(i\in J)$ $\sigma^{-1}$ (B $(f\mathrm{o}\sigma)^{-1}(0)$
$B_{\epsilon}$ $0\in \mathrm{K}^{d}$
$\epsilon$- $i\in J$ $N_{\dot{l}}=multE:f\mathrm{o}\sigma$





$A+B=\{a+b\in \mathrm{N}\cup\{\infty\}|a\in A, b\in B\}$
$a=\infty$ $b=\infty$ $a+b=\infty$
$I=(i_{1}, \cdots, i_{p})\in C$
$\Omega_{I}(f)=(N_{\dot{\iota}_{1}}\mathrm{N}+\cdots+N_{\dot{\iota}_{\mathrm{p}}}\mathrm{N})\cup\{\infty\}$
$A$ (f) $\Omega_{I}$ (f)





$C^{+}=\{I\in C|[mathring]_{I}_{E}\cap\sigma^{-1}(0)\cap\overline{P(f)}\neq\phi\}$ , $P(f)=\{x\in M|f\circ\sigma(x)>0\},$
$C^{-}=\{I\in C|E_{I}^{\mathrm{o}}\cap\sigma^{-1}(0)\cap\overline{N(f)}\neq\phi\}$, $N(f)=$ {$x\in M|f\mathrm{o}\sigma(x)<$ O},
$(1,7)$ ( .. -Kuo[30])
$A_{+}(f)=\cup\Omega_{I}I\in c+$(f), $A_{-}(f)= \bigcup_{c-}\Omega_{I}I\in$ (f)
$\mathrm{K}=\mathbb{R}$ $\mathbb{C}$ $I=$ $(i_{1}, \cdot\cdot \mathrm{r},i_{p})\in C$
$M_{I}=\mathrm{g}\mathrm{c}\mathrm{d}(N_{1}.1 , \cdots, N_{\dot{4}})$
$(1,8)$ ( - -Kuo[30]) $A$ (f)
$\mathrm{g}\mathrm{c}\mathrm{d}\{M_{I}|I\in C\}\in\{M_{I}|I\in C\}$
$(1,9)$ $f$ : $(\mathrm{K}^{2},0)arrow(\mathrm{K}, 0)$
$f(x,y)=(x-y)^{2}(x-2y)^{3}(x-3y)^{3}(x-4y)^{4}$
2 3 3 4
$\mathrm{C}=\{(1,5), (2,5), (3,5), (4,5),5\}$







$\sigma$- 7- $C^{7}$ Co-
W. Kucharz [35]




$f$ $g$ ( )
$f$ $g$
$f_{\text{ }}g$
Milnor-Orlik [49] $\mu(f)=26_{\text{ }}$




























0. M. Abderrahmane Yacoub
([2])
([26]) (arc-analyticity)








$\mathcal{L}=\mathcal{L}(\mathbb{R}^{d}, 0)=$ {$\gamma:($R, $0)arrow(\mathbb{R}^{d},$ $0)|\gamma$ : }
$\mathcal{L}_{n}=\{\gamma\in \mathcal{L}|\gamma(t)=\mathrm{a}_{1}t+\mathrm{a}_{2}t^{2}+\cdots+’ ", \mathrm{a}_{i}\in \mathbb{R}^{d}\}$
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$f$ : $(\mathbb{R}^{d}, 0)arrow(\mathbb{R}, 0)$ $n\geq 1$
$\mathcal{X}_{n},+(f)$ $=\{\gamma\in \mathcal{L}_{n}|f\mathrm{o}\gamma=ct^{n}+\cdots, c>0\}$
$\mathcal{X}$n,-(f) $=\{\gamma\in \mathcal{L}_{n}|f\circ\gamma=ct^{n}+\cdots, c<0\}$
$\mathcal{X}$i $(f)=$ $\{\gamma\in \mathcal{L}_{n}|f\mathrm{o}\gamma=ct^{n}+\cdots, c\neq 0\}$
$f$ (positive zeta function)
(negative zeta function) (total zeta function) ‘






with compact supports) $f$ $f$
$\mathcal{X}_{n,+}(f)$ $\mathcal{X}_{n,+}$ $Z_{f,+}$ $Z_{+}$
$A_{\text{ }}B$
(I) $\chi^{c}(A)=\chi^{c}(A\backslash B)+\chi^{c}(B)$ ( $B$ $A$ )
$\chi^{c}(\mathbb{R}_{\geq}0)=\chi^{c}(\mapsto)-\chi^{\epsilon}(0)=0$
$\chi^{c}(\mathbb{R})=\chi^{c}(\mathbb{R},0)=\chi^{c}(\mathbb{R}_{<0})=-1$
$\chi^{c}(\mathbb{R}^{*})=\chi^{c}$ ($\mapsto$ U\sim$\mapsto$) $=-2$
$\chi^{c}(\mathrm{P}^{1})=\chi^{c}$ (S$1$ ) $=0$
(II) $\chi^{c}(A\cross B)$ $=\chi^{c}$(A). $\chi^{e}(B)$
$\chi^{c}(\mathbb{R}^{m})=(-1)^{m}$
$\chi^{\mathrm{c}}(\mathbb{R}_{\geq 0}\cross B)=\chi^{\mathrm{c}}(\mathbb{R}_{\geq 0})\cdot\chi^{c}(B)=0$
[2.2] Denef-Loeser
$f$ : $(\mathbb{R}^{d},0)arrow(\mathbb{R}, 0)$ $\sigma$ : $Marrow \mathbb{R}^{d}$ $f^{-1}$ (0) . $f\circ\sigma$
$\sigma$ $jac\sigma$ $E_{\dot{l}}(i\in J)$ $\sigma^{-1}(B_{\epsilon})$
$(f\circ\sigma)^{-1}$ (0) $\sigma^{-1}$ (0) $E_{1}$.
$i\in J$ $N.\cdot=mult_{E_{l}}f\circ\sigma$ $\nu_{1}$. $=mult_{E_{t}}jac\sigma$ +1 . $I\subset J$.
$E_{I}= \bigcap_{i\in I}E_{1}$. $E_{I}=E_{I} \text{ }\backslash \bigcup_{j\in J\backslash I}E$j
(change of variables formula) (M. Kontsevich $[33]_{\text{ }}$ J.
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( $E_{I}^{\mathrm{o}}$ $\sigma^{-1}(0)$ ) $. \prod_{1\in I}\frac{(-1)^{\nu}\cdot T^{N}-}{1-(-1)^{\nu}T^{N_{t}}}.$
‘
$E_{I,k}^{\epsilon}$ $E_{I}\text{ }$ $x\in E_{I}^{\text{ }}$
,k $x$
$f\mathrm{o}\sigma\neq 0$ $(f\mathrm{o}\sigma)^{-1}$ (0) 217[ $\alpha_{+}(E_{I,k})\text{ }$ (
$\alpha_{-}(E_{I,k}^{\mathrm{e}}))$ $f\mathrm{o}\sigma$ ( )
$(2,2)$ ([32])
$Z_{\pm}(T)= \sum_{I\ovalbox{\tt\small REJECT}}$
(-l)lI1 $( \sum_{k}\alpha_{\pm}$ ( $j\text{ _{}I}$ ,k) $\chi^{c}$(ji$I$ ,$k\cap\sigma^{-1}(0)$ ) $):\in$J $\frac{(-1)^{\nu}T^{N_{t}}}{1-(-1)^{\nu}\cdot T^{N}}‘.$‘
$f$ \sim Xn,
$\mathcal{X}_{n,-}$
$\text{ }$ \epsilon $f^{-1}(0)$
$E_{I}^{\mathrm{Q}}$ $E_{I}^{\mathrm{Q}}$
,k
$(2,3)$ $f(x)=x^{m}$ $\sigma=id$ N=m
$\nu=0+1=1$
$Z(T)=(-2) \frac{-T^{m}}{1+T^{m}}=2(T^{m}-T^{2m}+T^{3m}-\cdots)$
$m$ $Z_{+}(T)=Z_{-}(T)= \frac{1}{2}Z(T)=T^{m}$ -T $T^{3m}-\cdots$
$m$ . $Z_{+}(T)=Z(T)=2(T^{m}-T^{2m}+T^{3m}-\cdots)_{\text{ }}Z_{-}(T)=0$
$f$











$f$ : $($R‘1, $0)arrow(\mathbb{R}, 0)_{\text{ }}g:(\mathbb{R}^{d_{2}},0)arrow(\mathbb{R}, 0)$ $f*g$ :(Rdl+ , $0$) $arrow$
$(\mathbb{R}, 0)$
$(f*g)(x,y)=f(x)+g(y)$




$\ovalbox{\tt\small REJECT}(T)=\sum$ , $Z_{g}(T)= \sum b_{1}.\mathrm{I}^{\dot{n}}$ , $Z_{f*g}(T)= \sum \mathrm{q}.\dot{T}$
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$=a_{i}^{+}+a^{-}\dot{.}$ $A_{n}=1- \sum_{1}^{n}a_{i}(n\geq 1)_{\text{ }}A_{0}=1$
$\sum_{i>0-}A_{i}T^{i}=\frac{1-}{1}\lrcorner_{\frac{(T)}{T}}\mathrm{z}$ $B_{n}(n\geq 0)$
$(2,5)$ ([32])

























1 $\{a_{n}\}+\text{ }$ {an-} $\{b_{n}^{+}\}_{\text{ }}\{\mathrm{f}b_{\mathrm{l}}\}$ $\mathrm{F}^{1}\mathrm{J}$ {an} $\{b_{n}\}$ $a_{n=}a_{n}++a_{\overline{n}},$ $b_{n}=$
$b_{n}^{+}+b_{\overline{n}}$ $A_{n}=1- \sum_{\dot{|}=1}^{n}a$i, $B_{n}=1- \sum_{i=1}^{n}b$:
{cn+} {cn-} $\{c_{n}\}$
$c_{n}^{+}=a_{n}^{+}b_{n}^{+}+a_{n}^{+}B_{n}+A_{n}b_{n}^{+}+ \sum_{i=1}^{n}(-1)^{n-:}(a_{\dot{l}}^{+}b_{\dot{l}}^{-}+a_{i}^{-}b_{\dot{l}}^{+})$,
$c_{nnn}^{-}=a^{-}b^{-}+a_{n}^{-}B_{n}+A_{n}b_{n}^{-}+ \sum_{\dot{l}=1}^{n}(-1)^{n-\dot{l}}(a_{1}^{+}. b_{1}^{-}. +a^{-}.\cdot b_{\dot{*}}^{+})$ ,
$c\text{ }=a_{n}^{+}b_{n}^{+}$
$+a_{n}^{-}b_{n}^{-}+a_{n}B_{n}+A_{n}b_{n}+2 \sum_{i=1}^{n}(-1)^{n-:}(a_{1}^{+}. b_{\dot{l}}^{-}+a_{1}^{-}. b_{1}^{+}. )$
$C_{n}=1- \sum_{i=1}^{n}$ , $\tilde{A}_{n}^{\pm}=A_{n}+a_{n}^{\pm}$ , $\tilde{B}_{n}^{\pm}=B_{n}+b_{n}^{\pm}$ , $\tilde{C}_{n}^{\pm}=C_{n}+c_{n}^{\pm}$
( ) C\tilde n\pm =A\tilde n\pm B\tilde n\pm ( )
Thom-Sebastiani
$(2,7)$ ([32]) $f(x)=x^{m}$ (m ) $Z_{g,\pm}(T)$ $Z_{f*g},\pm(T)$
( ) $(2,5)$
$c_{n}^{\pm}=(A_{n-1}-a_{n}^{\pm})b_{n}^{\pm}+a_{n}^{\pm}B_{n-1}+ \dot{.}\sum_{=1}^{n-1}(-1)^{n-:}(a_{\dot{l}}^{\pm}b_{\dot{l}}^{\mp}+a_{1}^{\mp}. b^{\pm}\dot{.})$
( ) $(2,3)$ $n>0$ $A_{n-1}-a_{n}^{\pm}\neq 0$
$b_{n}^{\pm}$ c|\pm . $a_{1}^{\pm}$. $(i\leq n)$
$f(x)=x^{m}$ (m ) $g_{1},$ $g_{2}$ : $(\mathbb{R}^{d_{2}} , 0)arrow(\mathbb{R}, 0)$




$f$ : $(\mathbb{R}^{d_{1}},0)arrow(\mathbb{R}, 0)_{\text{ }}g$ : (Rd2, $0$ ) $arrow(\mathbb{R},0)$ $f*g$ : $(\mathbb{R}^{d_{1}+d_{2}},0)arrow(\mathbb{R},0)$




(2) (3) (1) (1) $\subset$
$\supset$ $A(f*g)\supset$
A(f) $A$ (g) A(f*g)\supset Ml+N $M_{2}+\mathrm{N}$
2 $\mathrm{t}$
$H(T)=c_{1}T+c_{2}T^{2}+\cdots+c_{\mathrm{p}}$ \sim , $c_{1}\neq 0$
( )
$n$ $a:\text{ }b_{:}$ ($i=n$, n+l, $\cdot$ . .) bn\neq 0
2
$A(T)=a_{n}T^{\mathrm{n}}+$ $1T^{n+1}+\cdot\cdot \mathrm{c}$ , $B(T)=b_{n}T^{n}+b_{n+1}T^{n+1}+\cdot\cdot$ $[$
$n$ $a_{n}$ $b_{n}$
$m$ $n$





( ) $\pi_{n},$: : $\mathcal{L}_{n}arrow \mathcal{L}_{:}$ $i$ $\mathbb{R}^{(n-\dot{*})d_{1}}$








(OJ) $c_{n}^{+}=(-1)^{nd}\chi^{c}((\mathcal{L}_{n}(f)\cross \mathcal{L}_{n}(g))\cap \mathcal{X}_{n,+}(f*g))$
(C (f) $\cross$ Ln(g))\cap \lambda i,+(f*g) $=\{(\gamma_{1},\gamma_{2})|f(\gamma_{1}(t))+g(\gamma_{2}(t))=ct^{n}+\cdots,c>0\}$
$\text{ }$ $\mathrm{o}\mathrm{r}\mathrm{d}_{\mathrm{t}}(f(\gamma_{1}(t))+g(\gamma_{2}(t)))=n$
$\mathrm{o}\mathrm{r}\mathrm{d}_{\mathrm{t}}f(\gamma_{1}(t))=\mathrm{o}\mathrm{r}\mathrm{d}_{\mathrm{t}}g(\gamma_{2}(t))<n$
$\mathrm{o}\mathrm{r}\mathrm{d}_{\mathrm{t}}f(\gamma_{1}(t))\geq n$ $\mathrm{o}\mathrm{r}\mathrm{d}_{\mathrm{t}}g(\gamma_{2}(t))\geq n$
$Z=\{(\gamma_{1},\gamma 2)|\mathrm{o}\mathrm{r}\mathrm{d}_{\mathrm{t}}f(\gamma_{1}(t))\geq n, \mathrm{o}\mathrm{r}\mathrm{d}_{\mathrm{t}}g(\gamma_{2}(t))\geq n\}$
$Z_{i}=\{(\gamma_{1},\gamma 2)|\mathrm{o}\mathrm{r}\mathrm{d}_{\mathrm{t}}f(\gamma_{1}(t))=\mathrm{o}\mathrm{r}\mathrm{d}_{\mathrm{t}}g(\gamma_{2}(t))=i\}$
(0.2) $(\mathcal{L}_{n}(f)\cross \mathcal{L}_{n}(g))\cap \mathcal{X}_{n,+}(f *g)$ $=(Z \cap \mathcal{X}_{n,+}(f*g))\cup.\bigcup_{1}(Z_{i}\cap \mathcal{X}_{n,+}(f*g))n-1|=$
$\Phi:Zarrow \mathbb{R}_{(\varphi,*)}^{2}$ $(\gamma_{1}, \gamma 2)$ $f$ ($\gamma_{1}$ (t)) $g(\gamma_{2}(t))$ $t^{n}$
$\Phi(Z)\subset \mathbb{R}^{2}$ $\Phi$ :




$\Phi^{-1}(\varphi>0, \psi> 0)=\mathcal{X}_{n},+(f)$ $\cross \mathcal{X}_{n},+(g)$
$\chi^{c}(\Phi^{-1}(\varphi>0, \psi>0))=(-1)^{nd}a_{n}^{+}b_{n}^{+}$




$0<i<n$ $\pi_{n,:}$ : L $arrow \mathcal{L}_{i}$ $(\gamma_{1},\mathit{7}\mathit{2})$ \in Zl. ,+(f*g)
(0.4) $f(\gamma_{1}(t))=d_{\dot{*}}t^{:}+\cdots+dntn+\cdot$ . . , $g(\gamma_{2}(t))=e:t^{:}+\cdots+en$t$n+\cdot$ . $1$




$\Psi$ : $\pi_{n,}^{-}$l $(x_{+}.,(f))\mathrm{x}\pi_{n,i}^{-1}(X,^{-}\cdot(g))arrow \mathbb{R}^{2(n-\dot{l})+2}$
$(\gamma_{1}, \gamma 2)$ (0.4) $(d_{j}, e_{j})_{j=\dot{\iota},\ldots,n}$ $(2,10)$
$\Psi$ $\{l$. $> 0,e_{i}<0\}$
$\chi^{c}(\Psi^{-1}(\{d_{\dot{l}}>0, e_{\dot{*}}<0\}))=\chi^{c}$ ($\pi_{n}^{-}$J $(\mathcal{X}_{i,+}(f))\mathrm{x}\pi_{n,1}^{-!}(\mathcal{X}_{1-}.,(g))$ ) $=(-1)^{nd}a_{1}^{+}$. $b_{1}^{-}$.
$Z_{\dot{l}}^{+}=\Psi^{-1}$ ($\{d_{j}+e_{j}=0,j<n,$ $d_{n}+$ $>0\}$ )
$\chi^{c}(Z_{1}^{+}$. $)=(-1)^{n-:}\chi^{c}$ ( $\Psi^{-1}$ ( $\{d_{i}>0$ , $<0\}$))
$\chi^{c}(Z_{1}^{-}.)$
(0.5) $(-1)^{nd}\chi^{e}(\mathit{2}:\cap h,+(f *g))$ $=(-1)^{n-:}(a_{\dot{l}}^{+}b_{1}^{-}. +a_{\dot{l}}^{-}b_{1}^{+}. )$
$(2,5)$ (1) (0.1) (0.2) $(0.3)_{\text{ }}$ (0.5)
[2.4]
$\sigma$ : (M, $E_{0}$) $arrow$ ($\mathbb{R}^{d}$ , o) $E_{0}=\sigma^{-1}(0)$
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$\mathcal{L}(M, E_{0})=$ { $\gamma:($R, $\mathrm{O})arrow(M,$ $E_{0})|\gamma$ : }
$\mathcal{L}_{n}(M, E_{0})=\mathcal{L}$(M, $E_{0}$)/\sim
$\gamma_{1}(0)=\gamma_{2}(0)$ $\gamma_{1}(t)-\gamma_{2}(t)=O(t^{n+1})$
$\gamma_{1}(t)\sim\gamma_{2}(t)$ $\mathcal{L}_{n}(M, \cdot E_{0})$ $\mathcal{L}_{n}(M)$
$\mathcal{L}_{n}$(M, $E_{0}$ ) $arrow E_{0}$ $\mathbb{R}^{nd}$
. $\pi_{n}$ : $\mathcal{L}$ (M, $E_{0}$ ) $arrow \mathcal{L}_{n}(M, E_{0})_{\text{ }}\pi$n: $\mathcal{L}(\mathbb{R}^{d}, 0)arrow \mathcal{L}_{n}$ (Rd, 0)
$\sigma$ : (M, $E_{0}$ ) $arrow(\mathbb{R}^{d}, 0)$ $\sigma_{*}(\gamma)(t)=\sigma(\gamma(t))$
$\sigma_{*}:$ $\mathcal{L}(M, E_{0})arrow \mathcal{L}(\mathbb{R}^{d}, 0)$
$\sigma_{*n}$ : $\mathcal{L}$n(M, $E_{0}$) $arrow \mathcal{L}_{n}(\mathbb{R}^{d},0)$ .
$\pi_{n}\circ\sigma_{\mathrm{r}}=\sigma_{*n}\circ\pi_{n}$
[32]
$(2,11)$ $X$ $A\subset X$ $A$
(globally subanalytic) $\tilde{X}$ $i:Xarrow\tilde{X}$ $i(A)$
$\tilde{X}$ .
$e$ . $\Delta_{\mathrm{e}}=$ { $\gamma\in \mathcal{L}(M,$ $E_{0})|\mathrm{o}\mathrm{r}\mathrm{d}_{\mathrm{t}}ja\mathrm{c}$ \sigma (\gamma (t))=e} $\Delta_{\mathrm{e},n}=\pi_{n}(\Delta_{\mathrm{e}})$
$\text{ }$
$(2,12)$ $e\geq 1_{\text{ }}n$ \geq 2e
(1) $\gamma_{1},$ $\gamma_{2}\in \mathcal{L}(M, E0)$ , $\gamma_{1}\in\Delta_{e}$ $\sigma(\gamma_{1})\equiv\sigma(\gamma_{2})\mathrm{m}$od $t^{n+1}$
$\gamma_{1}\equiv\gamma_{2}\mathrm{m}$od $t^{n+1-\mathrm{e}}$ $\gamma_{2}\in\Delta_{\mathrm{e}}$
(2) $\sigma_{*n}(\Delta_{\mathrm{e},n})$ $\mathcal{L}_{7\}}(\mathbb{R}^{d},0)$ $\sigma_{*n}(\Delta_{\mathrm{e},n})$
$\sigma_{*n}$
$\mathbb{R}^{\mathrm{e}}$ $’$(
$A\subset \mathcal{L}(M, E_{0})$ ( $\mathcal{L}$ ( $\mathbb{R}^{d},$ $0$)) $A$
$\mathcal{L}_{n}$(M, $E_{0}$) ( $\mathcal{L}_{n}$ (R‘, 0)) $C$ $A=$
$\pi_{\overline{n}}^{1}(C)$ $A$ $n$- ($n$-stable) $A$ $A=$
$\pi_{n}^{-1}$ ($\pi_{n}$(A)) $(2,12)$ $\sigma_{*}(\Delta_{\mathrm{e}})$ 2e-
$A\subset \mathcal{L}(M, E_{0})$ ( $\mathcal{L}$ ($\mathbb{R}^{d},$ $0$)) $n$




$\varphi$ : $Aarrow \mathbb{Z}$ $(\infty \mathrm{n}\mathrm{s}\mathrm{t}\mathrm{r}\mathrm{u}\mathrm{c}\mathrm{t}\mathrm{i}\mathrm{b}\mathrm{l}\mathrm{e})$ $\varphi$
$m\in \mathbb{Z}$ $\varphi^{-1}(m)$
$\int_{A}\varphi d\chi=\sum_{m\in \mathrm{Z}}cm\chi^{c}(\varphi^{-1}(m))$
$(2,13)$ ([32]) $\sigma:$ (M, $E_{0}$) $arrow(\mathbb{R}^{d}, 0)$ $A\subset \mathcal{L}(\mathbb{R}^{d}, 0)$
$\mathrm{o}\mathrm{r}\mathrm{d}_{\mathrm{t}}jac(\sigma)$ $\sigma_{*}^{-1}(A)$
$\chi^{c}(A)=\int_{\sigma^{-1}(A)}.(-1)^{-\alpha \mathrm{d}jac(\sigma)c}‘ d\chi$
[ (2,12)]\Rightarrow [ ]\Rightarrow [Denef-Loeser ]
. Denef-Loeser [15]
Denef-Loeser






$(2,14)$ ([32]) $f,g$ : (Rd, $\mathrm{O}$) $arrow(\mathbb{R}, 0)$
Zf=Zg $Zf,+=Z_{g,+}$ $Z_{f,-}=Z_{g,-}$
[2.5] 2 Brieskorn
$f$ : $($R2, $0)arrow(\mathbb{R}, 0)$ $f$ (x, $y$) $=\pm x^{p}\pm y_{\text{ }^{}q}2\leq p\leq q$ Brieskorn
$p=1$ $f$ $0\in \mathbb{R}^{2}$
$f$ $\mathrm{N}_{e}$ ( $\mathrm{N}_{o}$) ( )
$\mathfrak{M}=\{(p,q)\in \mathrm{N}_{\geq}2 \cross \mathrm{N}_{\geq}2 | p\leq q\}$
$\mathfrak{R}=\mathfrak{M}-$ { $(p,mp)\in \mathfrak{M}|p\in \mathrm{N}_{o}$ , m\in N }
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($\pm x,$ $\pm\emptyset$ $\mathbb{R}^{2}$ 4 Klein $G=\mathbb{Z}_{2}\oplus \mathbb{Z}_{2}$
:
$(x, y)arrow(x,y),$ $(x,y)arrow(-x,y),$ $(x, y)arrow(x, -y),$ $(x,y)arrow(-x, -y)$
{ $f$ (x, $y)=\pm x^{p}\pm y^{q}|(p,$ $q)\in \mathfrak{M}$} $A$ $A/b.a.e$ ( $A/(\pm x,$ $\pm y)$ )
$A$ ( Klein $G$- )
2 Brieskorn
$(2,15)$ ([32]) $\{f(x,y)=\pm x^{p}\pm y^{q}|(p, q)\in \mathfrak{M}\}/b.a.e$ .
$=\{f(x,y)=\pm x^{p}\pm y^{q}|(p, q)\in\Re\}/(\pm x, \pm y)\cup\{x^{p}+y^{mp}|p\in \mathrm{N}_{o}\cap \mathrm{N}_{\geq 2}, m\in \mathrm{N}_{\mathrm{e}}\}$
2 Brieskorn $(2,15)$
$p$ , q\in N $(p,q)=d$ $p_{1},$ $q_{1}\in \mathrm{N}$ $p=p_{1}d,$ $q$ =q1d
$(p_{1},q_{1})=1$ $[\mathrm{p},q]=LCM$(p, $q$) $=p_{1}q_{1}d=m_{1}=p_{1}q$
$(2,16)$ $f_{1}$ (x,y)=\pm xp+yq $f_{2}(x,y)=\pm x^{p}$ -yq $p$ $q$
$q$ $p$ $[p,q]=q=q_{1}p$ $A.(f_{1})=A_{\pm}(f_{1})=$
$A(f_{2})=A_{\pm}(f_{2})$





(1) : $x^{p}+y^{mp}$ ( $p,$ $m=1,2$,3, $\cdot$ . .)
$-x^{p}-y^{mp}$ ( p $m=1,2$ , $3,$ $\cdots$ )
(2) : $\pm x^{p}+y^{mp}$ $\pm x^{p}-y^{m\mathrm{p}}$ ( $p\geq 3$ $m$)
(1) $p$
$f_{m}$ (x, $y$) $=x^{p}+y^{mp},$ $g_{m}(y)=y^{mp}(m=1,2,3, \cdots)$
$A(f_{m})=A_{+}(f_{m})=\{p,2p,3p, \cdots\}\cup\{\infty\},$ $A_{-}(f_{m})=\{\infty\}(m=1,2,3, \cdots)$
$p$
$(2,7)$ $Z_{g_{m}}(T)\neq Z_{g_{\hslash}}(T)$ $Z_{x^{\mathrm{p}_{*gm}}}(T)\neq Z_{x^{p}*g_{n}}$ (T) $(2,3)$
$m\neq n$ Z $(T)\neq Z_{\mathit{9}n}$ (T) $m\neq n$ $f_{m}$ $f_{n}$
$(2,14)$ $x^{p}-y^{mp}$
(2) $x^{p}+y^{mp}$ ( $x^{p}-y^{mp}$) $-x^{p}+y^{mp}$ (
-xp-ym $(x,y)arrow(-x,y)$
$p\geq 3$ $m$ $f$ (x, $y$) $=x^{p}+y^{mp}$ $g(x, y)=x^{p}-y^{mp}$
A(f) $A_{\pm}(f)$ $Z_{f}(T)_{\text{ }}Z_{f,\pm}(T)$
A(g) A\pm (g) Zg(T) $Z_{g,\pm}(T)$
-Paunescu
$(2,17)$ ([24]) $\alpha=$ ( $\alpha_{1},$ $\cdots,$ $\alpha$d) $f_{s}$ : $(\mathbb{R}^{d}, \mathrm{O})arrow(\mathbb{R}, 0)(s\in I=$










$x^{\mathrm{p}}+pxy^{m(p-1)}+y^{mp}$ ( $x^{p}+pxy^{m\{p-1)}-y^{mp}$) $x^{p}+y^{mp}$
( $x^{p}-y^{mp}$)
$x^{p}+y^{mp}$ xp+p ym(p-y+ymp\sim xp+pxym(p-y-ymp\sim xp-ymp
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$\mathrm{X}$
$(2,18)$ (2) (3) Brieskorn
Klein $G$- :










(0.6) $1+c:$ $=(1+a_{n}^{+})(1+b_{n}^{+})$ $\mathrm{m}\mathrm{o}\mathrm{d} 2$
(1) $f$ $\mathrm{m}\mathrm{o}\mathrm{d} 2$
$(2,4)$
$Z_{l^{3}+xy^{5},+}(T)= \frac{T^{15}}{1-T^{15}}+\frac{T^{3}}{1+T^{3}}$ $\mathrm{m}\mathrm{o}\mathrm{d} 2$
$Z_{l^{S}+x}$
t$6,+(T)$ $= \sum a_{i}^{+}T"$ $\mathrm{m}$od2 $(a_{\dot{l}}^{+}=0,1)$
‘
$Z_{z^{3},+}=T^{3}-P+$ $T^{12}-\cdots=\Sigma$ $b_{\dot{\iota}}^{+}T$$: $\mathrm{m}\mathrm{o}\mathrm{d} 2$ $(b_{1}^{+}. =1)$
$n$ 3 $1+a_{n}^{+}=1+b_{n}^{+}=1\mathrm{m}$od2 (0.6) $1+c_{n}^{+}=1$
$\mathrm{m}\mathrm{o}\mathrm{d} 2$ $c_{n}^{+}=0\mathrm{m}$od2
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$n$ 3 $1+b_{\mathrm{n}}^{+}=0\mathrm{m}$od2 $c_{n}^{+}=1\mathrm{m}$od2
$Z_{f,+}= \sum c_{n}^{+}(f)T^{n}$ $n$ 3 $c_{n}^{+}(f)=1\mathrm{m}$od2
$n$ 3 $c_{n}^{+}(f)=0\mathrm{m}$od2
(2) $g$ $\mathrm{m}\mathrm{o}\mathrm{d} 2$
$g$
$\ovalbox{\tt\small REJECT}_{3},+(T)=Z_{z^{8},+}(T)=T^{3}-T^{6}+$ . . .
$Z_{y^{7},+}(T)=T^{7}-T^{14}+T^{21}-\cdot\cdot\tau$
$Z_{x^{3}+z^{3},+}(T)= \sum a_{n}^{+}T^{\mathrm{n}}$ (0.6) $n$ 3
$a_{n}^{+}=1\mathrm{m}$od2 $n$ 3 $\mathrm{A}_{1}$ $a_{n}^{+}=0\mathrm{m}$od2
. $Z_{y^{7},+}(T)= \sum b_{n}^{+}T^{n}$ $n$ 7 $b_{n}^{+}=1\mathrm{m}$od2
$n$ 7 $b_{n}^{+}=0\mathrm{m}$od2





J. Denef-F. Loeser [14, 15, 16, 18, 19]
V. Batyrev
([6, 7, 8])
J. Denef-F. Loeser [17] E. Looijenga [47]
A. Craw [11] 9
W. Veys [63] ?
0
B. Rodrigues $\cdot$ . W. Veys $[54, 55]_{\text{ }}$ W.
Veys [61,62, 64, 65] E. Artal Bartolo - P. Cassou-Nogu\‘es - I. Luengo - A. Melle
























1 2 O. M.
Abderrahmane $\mathrm{Y}\mathrm{a}\omega \mathrm{u}\mathrm{b}$
3





$=2 \sum(a_{n-2:}^{+}b_{n-2\dot{\iota}}^{-}+a_{n-2i}^{-}b_{n-2\dot{*}}^{+})=2\sum^{n}(\sum^{k}(-\mathfrak{y}^{k-\ovalbox{\tt\small REJECT}}(a\ovalbox{\tt\small REJECT} b_{\dot{l}}^{-}+1^{n}-\overline{\tau}^{1}1a\dot{l}\dot{l}-b^{+}))$
$|.=\mathrm{f}\mathrm{l}$ $k=1\dot{\iota}=1$

















$j$ $j=0,1$ , $2,$ $\cdots$
$B(H_{j}(T))=- Tn-\cdot..-an+j$T$n+j+bn+j+1$’ I $+j+1+bn+j+$’ $2Tn+j+2+\cdot$ ..
$H_{j}$ (T)
$n$ $a_{n}$ $b_{n}$ $- \frac{a_{n}}{b_{n}}>0$




$B(H_{k}(T))=-a_{n}T^{n}-\cdots-a_{n+k}r\mathit{7}^{n+k}+b_{n- t^{-_{j}l}c+1}’T^{n+k+1}+b/+k+2\mathit{7}^{+k- \mathit{1}- 2}$$+\cdot..$




$k+1$ $\beta$ $H|\beta$] $(T)$ $H$(T) $H_{k+1}(T)=$
$H_{k}$ ( $H$ (T)) $H_{k+1}(T)$
$B$ ( $H_{k+1}$ (T)) $j=k+1$
$j$
$H_{m-n-1}$ (T)
$B(H_{m-n-1}(T))=-an$T$n-\cdot$ . . $-am-1r-1+bm$”T$m+bm+$l’T$m+1+\cdot$ . $\tau$
$H[\beta](T)=T+\beta T^{m-n+1}$
$B(H_{m-n-1}(H[\beta](T)))=-an$T$n-\cdot..-am-1$T$m-1+$ (-ann\beta +b ’)r+b$m+1$’ $r+1+\cdot\cdot 1$
$a_{m}+(-a_{n}n\beta+b_{m}" )\neq 0$ $\beta$ H (T)
$H(T)=H_{m-n-1}$ (H (T)) $B$ ($H($T))
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